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TELESCOPING BIFURCATED STENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

Not Applicable

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

Not Applicable

BACKGROUND OF THE INVENTION

1. Field of the Invention

In some embodiments this invention relates to implantable
medical devices, their manufacture, and methods of use.
Some embodiments are directed to delivery systems, such as
catheter systems of all types, which are utilized 1n the delivery
ol such devices.

2. Description of the Related Art

A stent 1s a medical device introduced to a body lumen and
1s well known 1n the art. Typically, a stent 1s implanted 1n a
blood vessel at the site of a stenosis or aneurysm endolumi-
nally, 1.e. by so-called “minimally mvasive techniques” in
which the stent 1n a radially reduced configuration, optionally
restrained 1n a radially compressed configuration by a sheath
and/or catheter, 1s delivered by a stent delivery system or
“introducer” to the site where it 1s required. The introducer
may enter the body from an access location outside the body,
such as through the patient’s skin, or by a “cut down™ tech-
nique in which the entry blood vessel 1s exposed by minor
surgical means.

Stents, graits, stent-graits, vena cava filters, expandable
frameworks, and similar implantable medical devices, collec-
tively referred to hereinafter as stents, are radially expandable
endoprostheses which are typically intravascular implants
capable of being implanted transluminally and enlarged radi-
ally after being introduced percutaneously. Stents may be
implanted 1n a variety of body lumens or vessels such as
within the vascular system, urinary tracts, bile ducts, fallo-
pian tubes, coronary vessels, secondary vessels, etc. Stents
may be used to reinforce body vessels and to prevent resteno-
s1s following angioplasty 1n the vascular system. They may be
self-expanding, expanded by an internal radial force, such as
when mounted on a balloon, or a combination of self-expand-
ing and balloon expandable (hybrid expandable).

Stents may be created by methods including cutting or
etching a design from a tubular stock, from a tlat sheet which
1s cut or etched and which 1s subsequently rolled or from one
Or more 1nterwoven wires or braids.

Within the vasculature, 1t 1s not uncommon for stenoses to
form at a vessel bifurcation. A bifurcation 1s an area of the
vasculature or other portion of the body where a first (or
parent) vessel 1s bifurcated into two or more branch vessels.
Where a stenotic lesion or lesions form at such a bifurcation,
the lesion(s) can aflect only one of the vessels (1.e., either of
the branch vessels or the parent vessel) two of the vessels, or
all three vessels. Many prior art stents however are not wholly
satisfactory foruse where the site of desired application of the
stent 1s juxtaposed or extends across a bifurcation in an artery
or vein such, for example, as the bifurcation 1n the mamma-
lian aortic artery into the common 1liac arteries.

The artreferred to and/or described above 1s not intended to
constitute an admission that any patent, publication or other
information referred to herein 1s “prior art” with respect to
this invention. In addition, this section should not be con-
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2

strued to mean that a search has been made or that no other
pertinent information as defined 1n 37 C.F.R. §1.56(a) exists.

All US patents and applications and all other published
documents mentioned anywhere in this application are incor-
porated herein by reference 1n their entirety.

Without limiting the scope of the invention a brief sum-
mary of some of the claimed embodiments of the invention 1s
set forth below. Additional details of the summarized embodi-
ments of the mvention and/or additional embodiments of the
invention may be found in the Detailed Description of the
Invention below.

A brief abstract of the technical disclosure 1n the specifi-
cation 1s provided as well only for the purposes of complying
with37 C.F.R. 1.72. The abstract1s not intended to be used for
interpreting the scope of the claims.

All U.S. patents and applications and all other published
documents mentioned anywhere in this application are incor-
porated herein by reference 1n their entirety.

BRIEF SUMMARY OF THE INVENTION

This mmvention contemplates a number of embodiments
where any one, any combination of some, or all of the
embodiments can be incorporated into a stent and/or a stent
delivery system and/or a method of use. In the context of these
embodiments, the term telescoping means to extend away
from a stent wall 1n a direction different from that of the
longitudinal axis of a stent. Telescoping includes but 1s not
limited each or any combination of: extending along a linear,
varied, or curved path; extending at an oblique angle from the
longitudinal axis of the stent; as well as extending along a
path parallel to the longitudinal axis of the stent.

At least one embodiment of the invention 1s directed to a
biturcated stent being expandable from an unexpanded state
to an expanded state, with a diameter smaller 1n the unex-
panded state having a substantially tubular primary body
defining a primary circumierential plane, a primary outer
surface, a primary lumen and having a primary longitudinal
axis extending therethrough; and a side branch assembly
engaged to the primary body having at least one ring member,
which 1s positioned substantially within the primary circum-
terential plane 1n the unexpanded state and defining a second-
ary circumierential plane, a secondary lumen, and having a
secondary longitudinal axis extending therethrough, in the
expanded state. The secondary lumen 1s in fluid communica-
tion with the primary lumen and forms an oblique angle with
the primary longitudinal axis.

At least one embodiment of the invention 1s directed to a
stent contaiming a bifurcation branch formed out of at least
one ring connected to the stent. When deployed, this stent
bridges vessel bifurcations by telescoping and aligning at
least one ring 1nto the vessel bifurcation. This bifurcation
branch 1s an additional stent channel forking away from the
first channel defined by the main body of the stent. The
biturcation branch 1s 1n fluid communication with the first
channel and 1s formed by one or more rings 1n flud commu-
nication with the main stent body. The rings are connected to
the stent and (1f there 1s more than one ring) to each other by
connectors. In some embodiments, a telescoping ring bifur-
cation branch 1s configured to extend farther than a petal
shaped stent bifurcation branch.

At least one embodiment of the invention 1s directed to a
stent containing a bifurcation branch of two or more inter-
connected rings 1n fluid communication with the main stent
body 1n which at least one ring 1s 1n an unextended state when
the branch 1s not telescoped. When the branch 1s telescoped,
the unextended ring(s) assume an extended state.
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At least one embodiment of the invention 1s directed to a
biturcation branch of one or more rings in fluid communica-
tion with the main stent body 1n which the ring-ring or ring-
stent connectors have a first length when the branch 1s untele-
scoped and a second length when the stent 1s telescoped.
These different connector lengths allow for the rings to have
a low profile when untelescoped and to allow for the rings to
form a bifurcation branch of a large length when telescoped.
This embodiment encompasses but 1s not limited to any stent
connector known to people of ordinary skill 1n the art which
has a longer length when expanded than when unexpanded.

At least one embodiment of the mvention 1s directed to a
biturcation branch of one or more rings in fluid communica-
tion with the main stent body 1in which the ring-ring or ring-
stent connectors have a bent structure when untelescoped that
substantially straightens when telescoped.

At least one embodiment of the mvention 1s directed to a
biturcation branch of one or more rings in fluid communica-
tion with the main stent body in which aring-ring or ring-stent
connectors 1s a tlexible sinusoidal connector

At least one embodiment of the invention 1s directed to a
biturcation branch of one or more rings in fluid communica-
tion with the main stent body in which aring-ring or ring-stent
connector 1s a pivot mechanism whose rotational motion
changes the distance spanned by the connector.

At least one embodiment of the invention 1s directed to a
bifurcation branch of one or more rings 1n fluid communica-
tion with the main stent body in which aring-ring or ring-stent
connector 1s a spring whose extension changes the distance
spanned by the connector.

At least one embodiment of the mvention 1s directed to a
stent containing a bifurcation branch of two or more inter-
connected rings where when the branch 1s untelescoped, the
rings are 1n an unexpanded state and are positioned concen-
trically adjacent to each other within or adjacent to the cir-
cumierential plane of the ring directly connected to the main
stent body.

At least one embodiment of the mvention 1s directed to a
stent containing a bifurcation branch of at least one ring

which has the configuration of an at least a partially self
overlapping loop when unextended and contains a self

extending mechanism. This mechanism expands the rings by
removing the loop overlap when forming a stent bifurcation
branch.

At least one embodiment of the mvention 1s directed to a
stent with a ring bifurcation branch containing a current
detachment mechanism. In this embodiment, a locking
mechanism restrains the telescoping and/or the ring extension
from expanding until an electrical current 1s applied. Once
applied, the current causes the mechanism to detach from the
rings allowing the rings to expand and/or to telescope and
form a bifurcation branch.

At least one embodiment of the mvention 1s directed to a
stent with a ring bifurcation branch in which a ring may
extend until either a pre-defined circumierence 1s reached or
until the extension 1s blocked by an anatomical feature.

At least one embodiment of the mvention 1s directed to a
stent with a ring bifurcation branch in which a ring contains a
ratchet configuration which allows it to either increase or
decrease 1ts circumierence by moving a locking mechanism

along a ring’s perimeter 1n one direction. Because the ratchet
configuration prevents the locking mechanism from moving
in the reverse direction, 1t prevents any change in circumier-
ence size 1n the opposite direction.
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At least one embodiment of the invention 1s directed to a
stent with a ring bifurcation branch in which a ring or con-
nector 1s made out of metal(s), polymer(s), and/or combina-
tions thereof.

At least one embodiment of the invention 1s directed to a
stent with a ring bifurcation branch in which the ring bifur-
cation 1s fed into the side body vessel by a support wire.

At least one embodiment of the invention 1s directed to a
stent with a ring bifurcation branch 1n which when the final
shape of the bifurcation branch 1s assumed, the branch 1s
locked 1nto place with a single or multiple tongue and grove
latch mechanism.

At least one embodiment of the invention 1s directed to a
stent with a ring bifurcation branch in which the branch 1s
formed before the stent 1s expanded.

At least one embodiment of the invention 1s directed to a
stent with a ring bifurcation branch in which the branch 1s
formed after the stent 1s expanded.

At least one embodiment of the invention 1s directed to a
stent with a ring bifurcation branch in which the branch 1s
formed at substantially the same time that the stent is
expanded.

This mvention also encompasses embodiments where at
least one ring member has an unexpanded circumiference 1n
the unexpanded state and an expanded circumierence 1n the
expanded state, wherein the expanded circumierence 1is
greater than the unexpanded circumierence, where adjacent
ring members are engaged one to the other by at least one
connector, and where at least one connector has a first end, a
second end and a length therebetween, each end being flex-
ibly engaged to one of the rings.

This mvention also encompasses embodiments where 1n
the unexpanded state the plurality of rings are concentrically
arranged relative to one another, where 1n the unexpanded
state the ring members are positioned laterally adjacent to one
another, where at least one of the expanded state and the
unexpanded state at least two ring members have differing
circumierences, and where the secondary lumen comprises a
length and a diameter, the diameter tapering along at least a
portion of the length.

This mvention also encompasses embodiments where at
least one connector comprises a polymeric sheath, where the
polymeric sheath 1s at least partially constructed out of PIFE,
where at least one ring member comprises a ratchet mecha-
nism, in the expanded state the ratchet mechanism preventing
the expanded circumierence from reverting to a circumier-
ence smaller than the expanded circumierence, where at least
one ring member 1s constructed and arrange to self expand
from the unexpanded circumierence to the expanded circum-
ference, where at least one ring member 1s engaged to the
primary body by at least one engagement region, the at least
one engagement region having an engaged state and a
released state, 1n the engaged state the at least one ring mem-
ber being retained in the unexpanded state and 1n the released
state the at least one ring member being released to expand to
the expanded state.

At least one embodiment of the invention 1s directed to a
stent delivery system having an unexpanded state and an
expanded state, a catheter having an elongated shait con-
nected to a distal end; and a stent, the stent having a generally
tubular main body, the main body having a diameter, the main
body defimng an interior, a side branch opening, and a side
branch assembly adjacent to the side branch opening, the side
branch assembly comprising at least one ring, there being a
distance between the main body and the at least one ring, 1n
the unexpanded state the diameter of the main body being less
than the diameter of the main body 1n the expanded state, in
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the unexpanded state the distance being less than the distance
in the expanded state; wherein the 1n the unexpanded state, the
stent 1s disposed the distal end of the catheter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The 1invention 1s best understood from the following
detailed description when read 1n connection with accompa-
nying drawings, 1n which:

FIG. 1 1s an 1mage of an unexpanded stent containing an
unextended ring type telescoping bifurcation branch.

FIG. 2 1s an 1image of an expanded stent containing an
extended ring type telescoping bifurcation branch.

FIG. 3 1s a close up view of an unextended ring type
telescoping bifurcation branch.

FI1G. 4 1s a close up view of an extended ring type telescop-
ing bifurcation branch.

FIG. 5 1s an image of a single unextended telescoping ring.

FIG. 6 1s an 1image of a single extended telescoping ring.

FIG. 7 1s an image of an expanded stent containing an
extended ring type telescoping biturcation branch with a
PTFE covering.

FIG. 8 1s an 1mage of an unexpanded stent containing an
ratcheting unextended ring type telescoping bifurcation
branch.

FIG. 9 1s an 1image of an expanded stent containing an
extended ratcheting ring type telescoping bifurcation branch.

FIG. 10 1s an 1mage of a single unextended ratcheting
telescoping ring.

FIG. 11 1s an image of a single extended ratcheting tele-
scoping ring.

FI1G. 12 1s an image of a single unextended telescoping ring,
with a single tongue and groove locking mechanism.

FIG. 13 1s an image of a single extended telescoping ring
with a single tongue and groove locking mechanism.

FIG. 14 1s an 1image of a single unextended telescoping ring,
with a multiple tongue and groove locking mechanism.

FIG. 15 1s an 1image of a single extended telescoping ring,
with a multiple tongue and groove locking mechanism.

FIG. 16 1s an 1mage of the stent with added unengaged
support structure.

FI1G. 17 1s animage of the stent with added engaged support
structure.

FIG. 18 1s an 1mage of a stent delivery system with the
expanded stent upon a catheter.

FIG. 19 1s a close up view of an unextended ring type
telescoping bifurcation branch in which the rings have a clo-
verleal shape.

FIG. 20 1s an image of the two ends of a single unextended
telescoping ring with a single tongue and groove locking
mechanism 1n which a portion of the mechanism has a throm-
bic material on 1ts surface to glue the ring ends together.

FIG. 21 1s an image of the end of the two ends of a single
unextended telescoping ring with a “plus” shaped single
tongue and groove locking mechanism.

FI1G. 22 1s an image of the end of the two ends of a single
unextended telescoping ring with a comical shaped single
tongue and groove locking mechanism.

FI1G. 23 1s an image of a single unextended telescoping ring
with wire stops.

DETAILED DESCRIPTION OF THE INVENTION

The invention will next be illustrated with reference to the
figures wherein the same numbers indicate similar elements
in all figures. Such figures are intended to be 1llustrative rather
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than limiting and are included herewith to facilitate the expla-
nation of the apparatus of the present invention.

For the purposes of this disclosure, like reference numerals
in the figures shall refer to like features unless otherwise
indicated.

Depicted 1n the figures are various aspects of the invention.
Elements depicted 1n one figure may be combined with, or
substituted for, elements depicted 1n another figure as desired.

Referring now to FIG. 1 there 1s shown an embodiment of
the invention featuring an undeployed substantially tubular
stent 10 1n an unexpanded state placed on a catheter shait 20
positioned within a body vessel, the body vessel having a first
vessel lumen 25 and a second vessel lumen 30 which forms
biturcation from the first vessel lumen 25. The stent 10
deployed within the first vessel lumen 25 and 1s oriented
along a primary longitudinal axis 1 which 1s forms an angle
oblique to the secondary longitudinal axis 2 running along the
length of the second vessel lumen 30. Positioned adjacent to
the second vessel lumen 30 1s a ring type side branch assem-
bly 40 engaged to the primary stent body 135 by at least one
connector 42 at an engagement region 93. The surface of the
primary stent body defines a primary circumierential plane
95. In the unexpanded state, the side branch assembly 40 1s
positioned substantially along the primary circumierential
plane 95. For the purposes of this application, the term
“oblique” refers to an angle of greater than zero degrees, such
as an angle of between about 1 and about 180 degrees. An
oblique angle explicitly includes angles of about 90 degrees.

Side branch assembly 40 1n FIG. 1 features a number of
unextended rings or ring members 41 connected by inter-ring
connectors 43. Although this drawing shows five intercon-
nected concentric ring members 41, this mvention 1s not
limited to this number or configurations and encompasses any
similar device with one or more ring members 41. In one
possible embodiment, the unextended ring members 41 can
have dissimilar circumierences and/or can fit into each other
in a concentric “target” like configuration. This invention 1s
not limited to a concentric arrangement of the ring members
and encompasses any and all possible configurations known
to people of ordinary skill 1n the art including stacked ring
members and overlapping “olympic” ring arrangements. This
invention also contemplates ring members that have the same
or different circumierences when 1n the unextended state.

Although FIG. 1 illustrates the rings as having a generally
oval or circular shape, this invention encompasses possible
embodiments 1n which at least one ring of the side branch
assembly has a non-oval or non-circular shape. Some other
possible shapes for the rings include but are not limited to
cllipse, cloverleatf (as illustrated 1n FIG. 19), and angular. In
addition any given ring need not have a uniform or symmetri-
cal shape and can have an irregular region. Rings of different
shapes or sizes can be combined to form the side branch
assembly.

This mvention encompasses a number of mechanisms for
extending the ring members 41. One mechanism 1nvolves
constructing the ring members to be biased towards naturally
extending and then blocking this extension with a releasable
restraint. One mechanism for releasing the restraint 1s by
locating the restraint at the engagement region 93 and con-
necting i1t to a current detachment mechanism which will
release the restraint when an electrical current 1s received.
Similarly the side branch assembly 40 can also be constructed
biased to telescope naturally and be held back by a releasable
restraint.

One method of releasing a biased stent 10 and/or side
branch assembly 40 1s to remove a restraining sheath from the
stent when ready for deployment. Another method 1s to use a




US 8,435,284 B2

7

current detachment mechanism that will release a restraint
and allow the ring members 41 to extend upon the receipt of
an electrical current which degrades the integrity of a portion
ol the restraint. Current detachment mechanisms which are
suitable for use in the present application may be similar to
such mechamism that are known to be used 1n the deployment
of GDC coils. Examples of such mechanisms are shown and
described in U.S. Pat. Nos. 5,578,074, 5,669,903, 5,984,929,
and 6,579,308; the entire contents of each being incorporated
herein by reference.

In some embodiment specially shaped balloons or the use
ol two or more balloons can be used to extend ring members
or to telescope the side branch assembly 40.

Referring now to FIG. 2 there 1s shown an embodiment of
the invention 1n which the stent 10 1s 1n the expanded state and
the ring type side branch assembly 40 1s telescoped and 1s
completely deployed. In the deployed state the primary stent
body 15 defines a primary lumen 91, has a diameter 4 which
1s greater than the diameter the stent 10 had 1n the unexpanded
state, and defines a primary circumierential plane, a primary
outer surface, and a primary lumen extending about and along
the primary longitudinal axis 1. The deployed side branch
assembly 40 has at least one telescoped ring member 41
extended into the second vessel lumen 30, and forms a second
stent lumen 92 having a second circumierential plane 96 1n
fluid communication with the primary lumen 91 of the pri-
mary stent body 15. This second stent lumen 92 extends about
and along a secondary longitudinal axis 2 at an oblique angle
to the primary longitudinal axis 1.

This deployment can be accomplished by one or multiple
balloons, self expansion, or by any other commonly known
mechanism. The side branch assembly 40 can be telescoped
belfore, after, or at substantially the same time that the ring
members themselves are extended, and telescoping can occur
betore, after, or at substantially the same time as the expan-
s1on of the primary stent body 10. The ring bifurcation branch
can also be telescoped by being fed into the side branch vessel
30 by guide wire 73 (not shown). Once 1n place, the separate
guide wire 73 could have a separate locking mechanism to
keep the rings i place. In this illustration all but one of the
ring members 41 are extended to a larger circumierence than
they possessed when untelescoped. As mentioned before, all
the ring members 41 need not be of differing circumierences
or sizes belore telescoping and this invention encompasses
devices where any of the ring members 41 are designed to
keep constant, increase, or decrease their circumierence
when telescoped. The side branch assembly 40 projects nto
the second vessel lumen 30 along a second longitudinal axis
2 which forms an angle with the primary longitudinal axis 1
and can be bent, curved, straight, or posses any number of
configurations. The design of the side branch assembly 40
allows for the design of longer side branches branch than can
be easily designed with petal type stent configurations.

In this 1llustration, the ring-ring connectors 43 are longer
than they were when the bifurcation branch was untele-
scoped. This invention contemplates embodiments 1n which
the ning-ring 43 and the ring-stent 42 connectors can also have
particular characteristics to facilitate telescoping of the side
branch assembly 40. These characteristics include: increas-
ing connector lengths by using one or any combination of
commonly known stent connector structures including S
shaped connectors, bent connectors, flexible sinusoidal con-
nectors, spring shaped connectors; bending and stretching,
connectors by constructing them out of tlexible or expandable
materials, spring shaped connectors, straightening curved
connectors; and facilitating connector movement by includ-
ing pivot mechanisms or engaging the connectors to the ring
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members or primary stent body by rotating loops or rings.
Connector rotation can also facilitate increasing the ring-ring
distance.

Referring now to FIGS. 3 and 4 there are shown close up
images of the ring type telescoping side branch assembly 40
made up of ring members 41 attached to the primary stent
body 15 by connectors 42. The ring members 41 are also
connected to each other by at least one 1nter-ring connector
43. FI1G. 3 features an example of untelescoped ring members
and FIG. 4 telescoped ring members.

FIG. 3 includes an untelescoped ring branch assembly 40
in which the unextended ring members 41 are positioned
concentrically adjacent to each and within the primary cir-
cumierential plane 95. This 1s only one possible configuration
and the ring members 41 can be of uniform size and or be
positioned 1n a non-concentric configurations including lat-
crally adjacent positioning. When the stent 10 1s deployed 1n
a body vessel, each ring member can have its circumierence
extend, contract, or remain constant as the vessel dimensions
require. The ring members 41 can be designed to alter their
circumierence to either a pre-defined circumierence or until
they are blocked by the vessel walls. The length and shape of
connectors 43 or 42 1s one way of aflecting how {far the side
branch assembly 40 can extend into the secondary vessel
lumen 92. This mvention also contemplates secondary
lumens 92 having at least partially irregular circumfierences
and can be tapered (where the circumierences of a series of
adjacent ring members 41 gradually and generally change 1n
S1Z¢).

FIG. § illustrates an embodiment of an extendable ring
member 41 with an overlapping loop configuration. In this
embodiment, the ring member 41 has a first ring end 60 and
the second ring end 65 adjacent to each other. While unex-
tended, the ring member 41 has an overlap region 45 which
reduces the circumierence. As the ring member extends, the
length of the overlapping region 45 decreases, increasing the
circumierence. An optional cover 75 can be placed over the
overlap region but 1s not a required component of this
embodiment.

FIG. 6 1llustrates an embodiment of an extended ring 41
where some of or all of the overlapped portion of FIG. 5 are no
longer overlapping thus increasing the ring’s circumierence.
The extent of the circumierential increase caused by the rings
expansion can be controlled by the use of wire stops or stop-
ping welds. FIG. 23 1llustrates an unexpanded ring in which a
wire stop 36 and a stopping weld 37 1s added to the ring. As
the ring expands and the overlap region 45 decreases, the wire
stop 36 moves closer to the opposite ring end (60 or 65). At
some point the wire stop 36 becomes caught and stops further
ring expansion. In one possible embodiment, the wire stop 36
1s stopped when 1t becomes caught on a stopping weld 37
which can be 1n the form of a cavity, a hook or other catching
region of the cover 75. Although this illustration shows two
wire stops on the ends (60, 65) of the rings one or more wire
stops can be installed on any region of the ring. In addition,
the wire stops can function with or without stopping welds 37
or a cover 73.

FIG. 7 illustrates en embodiment of the invention 1n which
the rings 41 of the ring bifurcation branch 40 are engaged to
a polymeric sheath 70. This sheath can be constructed out of
a number of materials including PTFE (poly(tetratluoroeth-
ylene)) and can be constructed with a variety of flexibility,
structural strength, rigidity, and porosity characteristics. The
sheath can be positioned within or without the ring members’
circumierence or the rig members can be an integrated com-
ponent embedded within at least a portion of the sheath mate-
rial. This embodiment also contemplates a plurality of sheath
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layers made up of different materials, having different char-
acteristics, or different positions. The sheath can be designed
to Told open as the side branch 40 telescopes during deploy-
ment.

There are a number of possible mechanisms that can be
used to lock an extended ring member into 1ts final configu-
ration and to assure that the ring member only extends (or
contracts) in the desired direction and does not assume an
undesired circumference. One of these mechanisms, 1llus-
trated 1n FIGS. 8, 9, 10 and 11 1s a ratcheting ring. The
ratcheting ring utilizes a locking mechanism used today to fix
the circumierence of rings locking wires together or sealing,
waste disposal bags, 1s commonly referred to as “cable ties™,
“tiec wraps”, or “zip ties” and 1s well known to people of
ordinary skill 1n the art.

A side branch assembly 40 with this locking mechanism 1s
illustrated in FIGS. 8 and 9. These figures show ring members
41 with ratchet teeth 50 disposed about at least a portion of the
ring member’s perimeter and a locking mechanism 51. When
extending forces such as balloon pressure or self expansion
cause the circumierence of the ring member to change, the
ratchet teeth 50 are capable of traversing the locking mecha-
nism 51 1n one direction but not in another fixing the resulting,
change in circumierence. This mechanism can prevent an
increase or a decrease i the size of the ring member 41
circumierence. FIG. 8 illustrates unextended ratchet rings
attached to an unexpanded stent body 15 and FIG. 9 1llustrates
extended ratchet rings telescoped 1nto a second vessel body
30.

FI1G. 10 1llustrates a close up view of a ratchet ring 41. In 1t
a ring member 41 has disposed about 1ts circumierence at
least one ratchet tooth 50. Ratchet teeth can be triangular, or
angled 1n such a way that locking mechanism 31 can easily
rotate about the perimeter 1n one direction but1s blocked from
moving 1n the opposite direction by the tooth/teeth 50. As a
result, the ring member 41 can be adjusted to assume a desired
circumierence and 1t will not revert back to 1t original circum-
terence. FI1G. 11 illustrates a ratchet ring after 1t has extended
to a larger circumfierence.

Now referring to FIGS. 12 and 13, there 1s shown an
expandable ring member 41 with a single tongue groove
locking mechanism. FIG. 12 1llustrates the ring member 41 1n
an unextended state wherein there 1s an overlap region 45
reducing the ring member’s circumierence. When this ring
member 41 extends as shown 1n FIG. 13, the locking tongue
22 located on the first end 60 engages the groove 68 located on
the ring member’s second end 61. In the extended state, by
reducing or eliminating the overlap region 45 the ring mem-
ber’s circumierence increases. The locking mechanisms 22
and 68, prevent the ring from contracting once the extended
circumierence has been assumed.

There are a number of additional possible embodiments of
the expandable ring member 41 with a single tongue groove
locking mechanism. In one possible embodiment (as 1llus-
trated 1n FI1G. 20), at least a portion of the locking mechanism
has an adhesive or thrombogenic material 71 on its surface
capable of at least partially binding the interlocked ends 60,
61 of the ring together. Although FIG. 20 illustrates the
thrombogenic materials on specific regions of both ring ends,
this embodiment encompasses thrombogenic materials on
any region of either or both ring ends. In a second possible
embodiment (as 1llustrated 1 FIG. 21), the locking mecha-
nism 22 comprises a pin with a plus shaped extension 76
which {its into and engages a grove 68 with a plus shaped
socket 77. In a third possible embodiment (as 1llustrated 1n
FIG. 22), the locking mechanism 22 comprises a pin with a
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conical shaped extension 52 which fits into and engages a
grove 68 with a cone shaped socket 53.

Now referring to FIGS. 14 and 15, there 1s shown an
expandable ring with a multiple tongue groove locking
mechanism. FIG. 14 1llustrates the ring 41 1n an unextended
state wherein there 1s an overlap region 43 reducing the ring’s
circumierence. When this ring extends as shown 1n FIG. 15,
the locking tongue 22 located on the first end 60 engages the
grooves 88. These groves allow for a number of possible
extended states with a reduced or eliminated overlap region
45. The locking mechamisms 22 and 88 prevent the ring from
contracting once the desired extended circumierence has
been assumed.

Referring now to FIGS. 16 and 17 are an embodiment of
the stent 1n which there 1s added at least one structural support
34 with a support locking mechanism 33. The support locking
mechamism 33 can be a hook located at the end of the struc-
tural support 34 or can be located at any position along the
length of the structural support 34. The structural support 34
can be a wire or any flexible or curved material. In FIG. 16 the
ring side branch assembly 40 has not yet telescoped so the
structural support 55 has not yet engaged with the locking
position 35 on the stent main body 15. In FIG. 17 at least one
ring member 41 has been telescoped and the locking mecha-
nism 33 has engaged the locking position 35. This structural
support 34 can be used to both telescope the ring members 41
by pushing them out into the second vessel lumen 30 or they
can be used to provide additional support connecting the side
branch assembly 40 to the stent main body 10. In addition the
support structure can replace the stent-ring or ring-ring con-
nectors.

Referring now to FIG. 18 there 1s shown a longitudinal
cross-sectional view of an example of a stent delivery system
78 capable of delivering a bifurcated stent 10 with a side
branch assembly having at least one ring member 41 and at
least one ring-ring and/or ring-stent connector 43 to form a
second fluid lumen 30. The stent delivery system 78 includes
a stent 10 disposed around the distal end of a catheter shatt 20.
The distal end of the catheter shaft 20 1s inserted through the
first vessel lumen 25 of the main stent body 20. In this 1llus-
tration the stent delivery system 78 1s representative of a
simple over-the-wire (OTW) or single-operator-exchange
(SOE) angioplasty balloon catheter according to the iven-
tion. Such balloon catheters are discussed, for example, 1n
commonly assigned U.S. Pat. Nos. 6,113,579, 6,517,515 and
6,514,228, each of which 1s incorporated by reference herein
in 1ts entirety. In this embodiment, the system also features a
conventional OT W-type manifold assembly 72 connected to
proximal end of catheter shait assembly 20. The catheter shaft
assembly 20 includes an outer tube 74 coaxially disposed
about mnner tube 73 which defines a guide wire lumen 77 and
a distal end about which 1s disposed balloon 79. During
deployment, the balloon 79 is inflated, thus expanding the
stent at the lesion site. This 1s only an 1llustration of such a
catheter assembly and 1s not intended to limit the scope of the
present invention. This mvention also encompasses stent
delivery systems which do not contain a balloon expanding
attributes such as self expanding stents or fixed wire systems.
Numerous structures are known to those of skill in the art, any
of which may be employed herein.

In some embodiments the stent, 1ts delivery system, or
other portion of an assembly may include one or more areas,
bands, coatings, members, etc. that 1s (are) detectable by
imaging modalities such as X-Ray, MRI, ultrasound, etc. In
some embodiments at least a portion of the stent and/or adja-
cent assembly 1s at least partially radiopaque. In some
embodiments the delivery system of the side deployment
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mechanism 1ncludes balloon inflation, self expansion, and
guide wire pushing or pulling.

In some embodiments at least a portion of the stent 1s
configured to include one or more mechanisms for the deliv-
ery of a therapeutic agent. Often the agent will be in the form
of a coating or other layer (or layers) of material placed on a
surface region of the stent, which 1s adapted to be released at
the site of the stent’s implantation or areas adjacent thereto.

A therapeutic agent may be a drug or other pharmaceutical
product such as non-genetic agents, genetic agents, cellular
material, etc. Some examples of suitable non-genetic thera-
peutic agents include but are not limited to: anti-thrombo-
genic agents such as heparin, heparin derivatives, vascular
cell growth promoters, growth factor inhibitors, Paclitaxel,
etc. Where an agent includes a genetic therapeutic agent, such
a genetic agent may include but 1s not limited to: DNA, RNA
and their respective dervatives and/or components; hedge-
hog proteins, etc. Where a therapeutic agent includes cellular
materal, the cellular material may include but 1s not limited
to: cells of human origin and/or non-human origin as well as
theirr respective components and/or derivatives thereof.
Where the therapeutic agent includes a polymer agent, the
polymer agent may be a polystyrene-polyisobutylene-poly-
styrene triblock copolymer (SIBS), polyethylene oxide, sili-
cone rubber and/or any other suitable substrate.

This completes the description of the preferred and alter-
nate embodiments of the mnvention. The above disclosure 1s
intended to be 1llustrative and not exhaustive. This description
will suggest many variations and alternatives to one of ordi-
nary skill i this art. The various elements shown in the
individual figures and described above may be combined,
substituted, or modified for combination as desired. All these
alternatives and variations are intended to be included within
the scope of the claims where the term “comprising” means
“including, but not limited to™.

Further, the particular features presented 1n the dependent
claims can be combined with each other in other manners
within the scope of the invention such that the invention
should be recognized as also specifically directed to other
embodiments having any other possible combination of the
teatures of the dependent claims. For instance, for purposes of
claim publication, any dependent claim which follows should
be taken as alternatively written 1n a multiple dependent form
from all prior claims which possess all antecedents refer-
enced 1n such dependent claim 1f such multiple dependent
format 1s an accepted format within the jurisdiction (e.g. each
claim depending directly from claim 1 should be alternatively
taken as depending from all previous claims). In jurisdictions
where multiple dependent claim formats are restricted, the
tollowing dependent claims should each be also taken as
alternatively written in each singly dependent claim format
which creates a dependency from a prior antecedent-possess-
ing claim other than the specific claim listed in such depen-
dent claims below.

The mvention claimed 1s:

1. A bifurcated stent being expandable from an unex-
panded state to an expanded state, wherein 1n the unexpanded
state the stent has a diameter less than that of the diameter 1n
the expanded state, the bifurcated stent comprising;:

a substantially tubular primary body defining a primary
circumierential plane, a primary outer surface, a primary
lumen and having a primary longitudinal axis extending
therethrough;

a side branch assembly engaged to the primary body, the
side branch assembly comprising a plurality of ring
members, adjacent ring members being engaged one to
the other by at least one connector, in the unexpanded
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state the plurality of ring members being positioned
substantially within the primary circumierential plane,
in the expanded state the plurality of ring members being
positioned external to the primary circumierential plane
and defining a secondary lumen, and having a secondary
longitudinal axis extending therethrough, the secondary
lumen being 1n fluid communication with the primary
lumen, the secondary longitudinal axis forming an angle
with the primary longitudinal axis,
wherein the plurality of rnng members are generally
circular, and
wherein the ring members have an unexpanded circum-
terence in the unexpanded state and at least two of the
plurality of ring members have substantially the same
unexpanded circumierence.

2. The stent of claim 1 wherein the ring members have an
expanded circumierence 1n the expanded state, wherein the
expanded circumierence 1s greater than the unexpanded cir-
cumierence.

3. The stent of claim 2 wherein the ring members are
constructed and arranged to self expand from the unexpanded
circumierence to the expanded circumierence.

4. The stent of claim 2 wherein the ring members are
engaged to the primary body by at least one engagement
region, the at least one engagement region having an engaged
state and a released state, 1n the engaged state the at least one
ring member being retained in the unexpanded state and 1n the
released state the at least one ring member being released to
expand to the expanded state.

5. The stent of claim 1 wherein the at least one connector
has a first end, a second end and a length therebetween, each
end being flexibly engaged to one of the rings.

6. The stent of claim 1 wherein the at least one of the
expanded state and the unexpanded state of at least two ring
members have differing circumierences.

7. The stent of claim 1 wherein the secondary lumen com-
prises a length and a diameter, the diameter tapering along at
least a portion of the length.

8. A bifurcated stent being expandable from an unex-
panded state to an expanded state, wherein 1n the unexpanded
state the stent has a diameter less than that of the diameter 1n
the expanded state, the bifurcated stent comprising:

a substantially tubular primary body defining a primary
circumierential plane, a primary outer surface, a primary
lumen and having a primary longitudinal axis extending
therethrough;

a side branch assembly engaged to the primary body, the
side branch assembly comprising a plurality of ring
members, adjacent ring members being engaged one to
the other by at least one connector, in the unexpanded
state the plurality of ring members being positioned
substantially within the primary circumierential plane,
in the expanded state the plurality of ring members being,
positioned external to the primary circumierential plane
and defining a secondary lumen, and having a secondary

longitudinal axis extending therethrough, the secondary
lumen being 1n fluid communication with the primary
lumen, the secondary longitudinal axis forming an angle
with the primary longitudinal axis,
wherein the ring members have an unexpanded circum-
terence in the unexpanded state and at least two of the
plurality of ring members have substantially the same
unexpanded circumierence.

9. The stent of claim 8, wherein the connectors are sub-
stantially straight in both the unexpanded state and the
expanded state.
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10. The stent of claam 8, wherein the at least one of the
expanded state and the unexpanded state of at least two ring
members have differing circumierences.

11. The stent of claim 8, wherein 1n the unexpanded state
the plurality of ring members are concentrically arranged 5
relative to one another.
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